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An apparatus (12) 
is attached to a tire 
(10) encapsulated within 
elastomeric material (16) 
located within the toroidal 
region of pneumatic tire (10). 
The apparatus is preferably 
embedded in the tire at its 
equatorial plane (EP). An 
integrated^: circuit' .chip of 
the transponder has at least 
the capacity to handle and 
transmit data relating to tire 
pressure. 
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Technical Rdd 

Tliis ihveiition related t6 an a^yaialus for electronically transmitting tire piessuie data at 
ladio fiequ^cy. Tlie appaitatus includes a rad^ 

dicuit chq> having capacity at least sufficient to transmit pressure data for the tire or wlieel and a 
prtssiiie sensor. 

As illustratisd by the references described below, it is known in the art to transmit, at radio 
fcequrades, data from a traxi^i^r containad within the structure of a tire or tire and wheel 
assembly. 

lii the prior ait, most of the difficulties encountered in incorporating sensors into a tire are 
caused by the stresses encountered in the tire building process and the sometimes rigorous 
conditions to which a tire is subjected. Sensors and transponder systems can be destroyed by heat 
and pressure in the tire building process, and can be destroyed by rough use, shock or grime when 
ill use in a tiie. 

Accordingly, a sensor which is to be embedded in a tire to record and transmit tire data 
must be robust en(High to survive tire stresses, light enough so as not to affect the balance of the 
tire, and sized or placed so as not to interfere with the integrity of the tire. Also, the cost of the 
apparatus should not be more than a small percCTtage of the total cost of the tire. 

Some prior art pressure SOTsors that may be used in a tire are exposed direcdy to the 
inflation chamber of the tire. Dirt and debris from the tiie may contaminate the device and affect 
the accuracy of the reading or make it non-functional. Also, when a s^isor is embedded in a tire 
constmction in the tire building process and it stops functioning, it usually cannot be replaced in 
the cured tire without destroying the integrity of the tire. 

In an effort to attach a pressure sensor in a tire in a way that it would be protected, the 
inventors herein secured a pressure sensor inside a mbber patch or pouch in the inflation chamber 
of a tire. Although the pressure sensor was protected and gave some accurate readings, the 
response time was very slow, and when pressure in a tire was changed to test accuracy of the 
pressure s^isor, the time necessary for the pressure sensor to reach equilibrium with the pressure in 
the inflation chamber of the tire was sometimes many days. 
Background Art 

Hre safety indicator means have been provided in the prior art to indicate when the tread of 
a tire is worn to the point where the tread or the tire must be replaced. See for ^cample De Cicco 
in U.S. Patent 3,770,040. 

As the art has advanced, sy^ms for monitoring vehicle tire pressure and the like have 
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been pitjpbsed Wheiein a ti^^ 

magnetically coupled inductor and aihanber dicuits are canted on the Vdiide wheel to provide 
monitoring of vehicle tire pressure, as described by ADea in U.S. Patoit 4,588,978. Other devices 
to monitor tire pressure have been proposed by Galasko et al. , in U.S. Fat^t 4,578,992, who 

5 teach a coil mounted in a tire which forms, with a oqiacitor, a passive osdllatoiy circuit. The 
circuit-is'-en^^rgized by pulses supplied via a coil positioned outside the tire and secured to the 
vdiicle, and the frequency in the passive oscillatoiy circuit is varied with tire pressure due to 
changes caused to the capacitance value of the capacitor. The frequency in the circuit is seised by 
a coil positioned outside the tire and secured to the vehicle. 

10 Milheiser, in U.S. PatCTt 4,730,188, teaches the use of a passive integrated transponder 

which is attached to or imbedded in an item to be identified, and is excited by an inductive 
coupling from an interrogator. 

Fiorietta, in U.S. Patmt 5,289,160, teaches a wireless tire pressure monitoring system 
which warns a driver of low pressure in one or more tires. Fiorietta teaches that a pressure 

15 transducer, transmitter and ant^ma are integrally housed and mounted to the tire stmi of a tire. 
When the pressure transducer senses a tire pressure below a pre-selected pressure, the transmitter 
broadcasts a radio frequency signal that, upon detection by a receiver mounted on the vehicle, 
warns the driver. In a preferred embodimmt, the transmitter is a device that is periodically 
interrogated by an RF signal from a transmitter on the vehicle. 

20 In PCX /plications WO90/12474 and 90/01754, it is taught that electronic transponders 

can be embedded within or on vehicle tires with wire loop ant^uias and electromagnetically 
actuated by signals from an interrogator coil. The application indicates that the transponder 
responds to actuation by producing a shifted frequency modulated with synchronization pulses and 
identifying digital information, and can also be used to include information on the condition and 

25 environment of the tire. 

Hettich et al., in U.S. Patent 5,140,851, teach a circuit arrangement for monitoring air 
volume in vducle tires which provides correction for the temperature of the tire. The patent states 
that the temperature and pressure measiir^ent value of the tire is measured by a rotating sensor on 
the wheel, whidi is monitored, and the data fed to a correction circuit which also receives a 

30 plurality of correction parameters. A corrected value for the temperature or for the air pressure in 
the tire is transmitted at ouqnit of the correction circuit as a function of the correction x)arameters. 
PCT .^jplication WO92/20S39 provides an abnormal tire condition warning system which 
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(ximpiises a houising , a band 
condition witixin ths tiie^ 

indicative of the tiie con[dition» a power siq>ply opecatively connected to die ciicuitiy , a centrifugal 

switch and a leoeiver for lectiving the ladio sign^ 
S Dunn et al., in U.S. Patrat 4,911,217 describes a ladio-fcequCTcy tiie idmtification system 

having an integrated ciiciutGhq) transpond^. - 

FdUadc ei al., in U.S. Patmt 5,181,975, teadi a tiie having an integrated circuit 

transponder which comprises a coil antenna of small enclosed area, as compared to the area 

^closed by the bead of the tire» which acts as a primaiy winding of a transforms. The coil is 
10 planar in sh2^, and when positioned betwem the inner liner and the carcass ply of the tire, ^ 

include a piessure sensor. 

Brown et al., in U.S. Patent 5,218,861, teadi a pneumatic tire haying an integrated circuit 

transponder which has an antmna which is coupled by electric or magn^ fields to the bead of the 

tire. 

15 Koch et al. , in U. S. Patent 5,500,065 teadies locating a monitoring device radially inward 

of the inner liner in a pneumatic tire, somewhere in the crown portion of the tire. 
D^nitions 

The following definitions are provided to fadlitate the reading of the specification and the 
understanding of the inv^ition. 
20 "Transmitter*' refers to a radio frequency emitter. 

"Receiver" refers to a radio frequency receptor. 

"Interrogator" T&feis to a transmitter-receiver decoder combination. 

"Transponder" refers to a receive of SF energy capable of transmitting coded information 
to an interrogator (scanner). 
25 "Equatorial plane (EP)" refers to the plane intersected at die tire centerline. 

"Radially" refers to a radius line from a tire axis to a tire circumference, and lines parallel 

thereto. 
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Brief Description of Drawings 

Fig. 1 illustrates a cross section of a BMT (ladial medium truck) tiie having the a^matus 
of the invration CTcibedded in the crown of tiie tiie. 

Hg. 2 illustrates an ralaiged view of a portion of tlie tire of 

Fig. 3 iUustrates an 2Q)paratiis of the inventk>n in a tire as vie^ 

Industrial Applicability 

An apparatus for electronically transmitting pneumadc tire or wheel pressure data 
comprises a transponder associated with a pressure sensor. Externally-induced radio-frequency 
excitation causes the data to be sequentially output from the apparatus as a voltage value 
corresponding to the pressure in the inflation diamb^ of a tire. 

The pneimiatic tire comprises an out^ sur&ce includmg a ground contactiDg surface and an 
inner inflation chamber, and a pressure sensor encapsulated by encapsulating means associated with 
a radially inner surface of the inflation chamber, and a widdng means associated with the pressure 
sensor whereby the widdng means provides a path for pressure equilibrium between the pressure 
sensor and the inflation chamber. The widdng means is selected from the group consisting of gas 
absorbing textile cords, hoUow filamrats, and woven textile cords or filaments. The encapsulating 
means comprises a patch of rubber surrounding the pressure smsor, the patch of rubber being 
attadied to a radially inward sur&ce of the inflation chamb^. 

More specifically, the pneumadc tire comprises at least two parallel aimular beads, at least 
one carcass ply wrapped around the beads, tread disposed over the at least one carcass ply in a 
crown area of the tire, sidewalls disposed betvveen the tiead and the beads, and an inflation 
chamber radially inward of the tread and axially between the sidewalls, and an encapsulated 
sensing system associated with the inflation chamber. The sensing system comprises an apparatus 
for transmitting tire pressure data comprising a transponder, with a clap having capacity at least 
sufficient to handle pressure sensor data, for responding to predetermined signals which trigger a 
req)onsive signal for transmitting pressure data from the tire, and a pressure sensor associated with 
the transponder, an encapsulating means for enaq)sulating the pressure sensor, and a widdng 
means for providing pressure equilibriiun b^een the encapsulated pressure sensor and the 
inflation chamb^. 

In an illustrated CTibodimmt, the pneumatic tire has an irmer liner which is disposed 
radially inward of the carcass ply and the inessure sensor is next to the irmer liner and the 
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CTca^suMing nicams is atttadied to the ixsHcr liner. In tbe iUustiated embodimmt the pressurc 
sensor is fuitfaer coaled or sumMinded by insulating nibber. 

Tbe wicking mieians may be selected from the groiq> consisting of gas absorbing textile 
cdids, hollow fiiaim^ts, and woven texdle cords or filaments. 

5 Also provided is a method of attaching a pressure sCTsor to an inflation chamber of a 

pneumatic tire compiisbgithe steps of, i(a) placing a pressure sensor in^tire constmction in a low 
flexing, substantially flat location corre^hding to a surface of an inflation chamber in a tire, 
(b) placing a wicking means over the pressure sensor, (c) attaching a rubber patch material to the 
sui£ace of an inflation chamber over the pressure sensor and the wicking means wherein the 

10 wicking means has at least one end outside the dimensions of the rubber patch. 

In an illustrated embodim^t, the method fiuther comprises the st^s of (a) building tte tire 
with an inner liner comprising a radially inward surface of the inflation chamber, (b) placing the 
pressure sensor next to the inner liner, (c) placing the wicking means over the pressure sensor, and 
(d) adhesively attaching a rubber patch to the inner liner covering the pressure sensor and partially 

15 covering the wicking means. 

As is the case with sinular prior art devices, the transponder is designed to receive a signal 
from a transmitting device for electronically activating the electronic circuit of the chip and for 
transmitting data from the electronic circuit to a receiving device. 

It is an object of the invention to provide a pressure sensor which can be built into a tire, or 

20 can be attached to a completed tire in a manner that protects the sensor from debris in the tire yet 
gives quick and accurate readings, and is small ^ough that it does not have a noticeable affect on 
the operation of the tire. Other objects of the invention will be apparent from the following 
descrq)tion and claims. 
Description of the Invention 

25 With reference now to Fig. 1 , a tire 10 is illustrated whidi incorporates J^aratus 12, 

which can be used to provide tire data such as the inflation pressure within the tire. As is 
conventional in die art, the tire is made using at least one pair of annular beads 22 over which is 
wrapped at least one carcass ply 28. Belts 32 are disposed over carcass ply 28 in a crown area of 
the tire, and tread 30 is disposed over belts 32. Sidewalls 24 are disposed between tread 30 and 

30 beads 22. In the illustrated mibodiment, the tire also has an inner liner 14 which is disposed 

radially below carcass ply 28. Inflation chamber 15 contains the fluids used to inflate the tire when 
the tire is mounted on a rim. 
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llie tue ilbistiated is an 
rocx>gnizediat theinv»ifiQiim^ or any tire for which data on tiiie 

piessuie within the tiie is needed. 

A tiie, depending on the kind, may have iq) to 4 paiis of beads, up to 12 carcass plies, and 
5 iq) to 12 bdts. 

._:::,^paiatus 12-is a transponder with a dbip 12a having at least cecity to collect and 
transmit pressure data, and a pressure smsor 12b assodaied with said tran^nder. 

^jparatus 12 is located in the tire in a position where flexing is minimal and where a 
substantially flat sur&ce can be used to assure attachment of the apparatus to the inflation chamber 
10 IS. Thelower sldewaU near the bead and the center of the crown area of the tire are examples 
possible locations for attachment of ^jparatus 12 to the tire 10. 

In the illustrated anbodimmt, apparatus 12 is disposed under the c»ter of the tread, i.e. at 
the equatorial plane (EP) of the tire, and radially bdow carcass ply 28 and inner liner 14. 
Apparatus 12 comprises one or more integrated circuit chq)s 12a, an antenna 12c and any ancillary 
IS components needed for making pressure data on the tire readable. 

The transponder componmt of the apparatus 12 is similar to those illustrated in U.S. 
Patents S,181,97S and S,218,861, assigned to Hie Goodyear Tire and KuUier Company, and 
commonly assigned Attorney's Doctet Nos. DN1997-192, 1996082 and 1997-19S, which may be 
used to monitor tire pressure. Tlie pressure s^isor conqxmmt used in the illustrated embodiment is 
20 a Case Westem Resenre University device described in U.S. Patent S,S28,4S2 to Ko. 

With refermce now to Figs. 1, 2 and 3, in the illustrated embodiment the aiqmatus 12 may 
stand alone in the tire 10 to provide pressure data only. Those skilled in.the ait will recognize that 
the pressure sensor used in the invration can be used with other sensing devices and may be 
assodated with annular ant^mae to provide a 360^ read around the tire as illustrated in the prior ait 

2S discussed above or in U.S. application to The Goodyear Tire & Rubber Company, Attomey's 

DoctetNo, DN1996082. 

When apparatus 12 is incoiporated into a tire, it is placed on the suiface of inflation 
chamber IS, said surface being inner liner 14, if the tire contains an inner liner, or the radially 
inner surEace of caicass ply 28, if no inner liner is used, with or without an adhesive. In the 
30 illustrated embodimait, sqppaxatus 12 is suirounded by insulating nibber (not shown) to protect the 
electronics therein from stray electrical chaiges and from potraitials applied by test equq)ment used 
; to inspect the casings in retread operations. Insulating nibbers disclosed in the Goodyear 
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appUcatioh refened to above sute 

Rubber patch 16 is the piimaiy meam by whidi apparatus 12 is held in place. 

Because it is piefened thai appaiatus 12 be isoktedfi^ sothatdiit 
and foieign matter do not foul the piessuie sensor, aU of the sui&ce aiea of patdi 16 which can be 
placed in contact with the surfiace of the inflation chamber IS is secuiely attached tli^ieto, i.e. it is 
piefeiied that s^iparatus 12=be compl^y encased in xubb^ patdi 16. The attachmrat of patch 16 
to inflation dianiber 15 can be made adhesively and/or by vulcanization when the tiie is being 
built, or may be incoipoxated into a completed tire adhesively, for example whra a tire is being 
submitted for retieading. 

Patch 16 is an elastomeric material, preferably natural lubber. In the illu^rated 
embodiment, ^jparatus 12 is not attached to or vulcanized into the tire, but is held in place by the 
surrounding relationshq) of patch 16. 

To reduce the response time of apparatus 12, and provide quick equilibrium betwem the 
pressure sensor and inflation diamber IS, a path means 18 is provided betwera the pressure sensor 
and inflation chamber IS which pennits gas molecules to migrate to and £nom the pressure sensor 
and inflation chamber IS. Although technically, path means 18 may be provided as a pin hole in 
elastomeric patch 16, in reality, a pin hole has a tendency to be plugged by adhesives, the flow of 
mbber during vulcanization, and grime, and some means must be provided to assure that the path 
r^nains open. Accordingly, in the illustrated embodiment, path means 18 is provided as string or 
cord, preferably in the form of a bleeder cord, a strip of fabric woven with bleeder cords, or a 
hollow filament. Such bleeder cords are described by Pq)e et al in U.S. Patent 4,363,346, and by 
Sid-Ahmed in U.S. Patent S,221,382 and references dted therein. 

Path means 18 may be longer than patch 16, or may be placed so that one end thereof 
extends beyond an edge of patch 16 or is e^qx)sed above the surfece of patch 16. 

Path means 18 is placed over apparatus 12, and patch 16 is then placed over path means 
18, taking care that at least one end of path means 18 remains outside the dim^isions or the surface 
of patch 16. In the illustrated embodiment, both ends of path means 18 extend outside the 
dim^isions of patch 16. 

In tire tests, it has been shown that path means 18, when bleeder cords or filaments are 
used, provides a path that makes the pressure smsor quickly re^nsive to pressure changes in the 
tire. Since bleeds cords permit flow of simple molecules, but prevent the flow of macro 
molecules such as giime, adhesive, and xubber, the pressure sensor is kept free of debris and 
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- giime.' 

When inn&r liner 14 is used iii a tire, apparatus 12 is placed next to inner liner 14, piatfa 
means 18 is placed over apparatus 12, and patch 16 is placed over path meaos 18 and apparatus 12 
and is attached to inner lin^ 14. 

While the invention has been q)ecifically illustrated and described, tfiose skilled in the art 
will recognize that the^vention may be variously modified and practiced without departing from 
the spirit of the invention. Tlie invCTtion is limited only by the scope of the following claims. 
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CLAIMS 

1 . A pneumatic tiie coiqpiising an outer suifiu:e induding a gnnuid contacting siu&ce and an 
inner infibtion dianib^, and a piessuxe sensor encq)s^^ 

a radially inn^ surfisbce of said inflation diamber, and a widdng means assodated with said 
S piessuie sensor whereby said widdng means pnmdes a path for pressuis equilibrium betwera said 
pisssure sensor and saidUnfkition cham^ 

2. Thepneumaitictiieof daim 1 wh^^dn said widdxig means is selected from the group 
consisting of gas absorbing textile ooids, hollow filaments, and woven textile cords or fiiammts. 

3. The pneumatic tire of claim 1 wherdn said etics^sulatingmeam 

10 rubber surrounding said pressure s^isor, saidpatchof rubber being attached to a radially inward 
sur£EU» of said inflation diamb^. 

4. A pneumatic tire comprising at least two paralld annular beads, carcass plieis wrsqiped 
around said beads, tread disposed over said carcass plies in a crown area of said tire, adewalls 
disposed between said tread and said beads, and an inflation chamber radially inward of said trsad 

IS and axially betwera said sidewalls, and an fflC2q[isulated seising systm associated wkh said 

inflation chamber, said seising system comprising an apparatus for transmitting tire pressure data 
comprising 

a tran^nder for responding to predetermined signals which trigger a responsive 
signal for transmitting pressure data, 
20 a pressure sensor, 

a chq> assodated with said transponder having capacity at least sufiiciCTt to handle 
input from a pressure s&dsot and to transmit pressure data from said tire, 
an encapsulating means for fflcapsulating said pressure s^isor, and 
a widdng means for providing pressure equilibrium betwem said eacspsulated 
25 pressure sensor and said inflation chamb^. 

5. Hie pneumatic tire of daim 4 wherein an inner liner is disposed radially inward of said 
carcass ply and said pressure soisor is proximal to said inner liner and said enc^sulating means is 
attached to said inner liner. 

6. Hie pnramatic tire of daim 4 wherein said widdng means is selected from the group 
30 consisting of gas absorbing textile cords, hollow filamrats, and woven textile cords or filaments. 
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7. A method of attaching a piesisuie sensor to an inflation diainberof a pnaimalic tiie 
comprising the st^s of 

(a) placing a piessuie sensor in a tiie contraction in a low fiCTng, substantially flat 
location coixes^nding to a suifiBure of an inflation chamber in a tiie, 

(b) placing a wic&ing means over said piessuie sensor, 

(c) attaching a mhhftr patnh nf nihher material to said surface of an inflation chamher 
av&c said pressure s^isor and said widdng means wheran said widdng means has at least one end 
outside the dimensions of said rubber patch. 

8. The m^hod of claim 7 fuitfaer comprising the stq)s of 

(a) building said tire with an inner lin^ comprising a radially inward surface of said 
inflation chamber, 

(b) placing said pressure s»sor on said inner liner, 

(c) placing said widdng means over said pressure sensor, and 

(d) adhedvely attaching a rubber patch to said inn» liner covering said pressure sei^^ 
and partially covering said widdng means. 

9. The method of daim 7 compriang the further stq) of selecting said widdng means ficom 
the group consisting of cotton bleeder cords, polyester bleeder cords, hollow filaments, and 
mixtures thereof. 
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